Introduction
Infection surveillance among obstetric patients is a priority for infection control. This is reflected by the ECDC recommendation for the active registration of surgical site infections (SSIs) after Caesarean section; Caesarean delivery is one of seven procedures recommended for active surveillance to improve public health and to ensure the safety of patients and the high quality of medical services. 1 Infection surveillance in obstetric care is mandatory in France 2 and Scotland, 3 among other countries. Additionally, many national hospital infection surveillance programmes that are not required to do so also collect these data [e.g. PREventie van ZIEkenhuisinfecties door Surveillance (PREZIES) in the Netherlands, Krankenhaus-Infektions-Surveillance-System (KISS) in Germany and National Healthcare Safety Network (NHSN) in the USA]. 4, 5 Severe infectious complications occur in as many as 0.62%-2.4% of women in the post-partum period. 6, 7 In the UK SSI results in maternal mortality in 1 per 1000000 deliveries. 8 The reported range of SSI frequency after Caesarean section is from 0.5% in developed to .40% of deliveries in developing countries, depending on the patient population and the method of registration. [8] [9] [10] [11] [12] [13] SSI is one of multiple types of infection that occur in the post-partum period.
Other common infections that pose a risk for women in labour are urinary tract infections (up to 2.0%), endometritis (up to 1.0%) and breast abscess or mastitis (up to 3.0%). 14 The most common type of post-Caesarean section SSI is a superficial infection. 1 For obstetric patients, a special challenge is posed by the post-discharge registration of SSI, because hospital stays for these patients are among the shortest. The length of post-natal hospital stays in England has declined appreciably in recent years-the proportion of women with a stay of 3 days declined from 47% in 1995 to 29% in 2014. 9 In 2013, a typical mother in Scotland with no substantial complications would spend 36 h in hospital after giving birth. 10 Surveillance of post-partum infections should therefore include not only cases found in hospitals but also those occurring at home (i.e. post-discharge surveillance).
For many years, ongoing efforts have been made to develop a reliable and sensitive post-discharge surveillance system. 11, 12 One of the proposed methods has been to use the pharmacy records indicating a patient has received antimicrobial agents commonly used to treat soft tissue infections. 14, 15 V C The Author 2017. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved. For Permissions, please email: journals.permissions@oup.com.
Antibiotic use may be assessed with different indicators, such as days of therapy, the number of issued/used DDDs or the number of prescriptions. 16, 17 Such data should be analysed in relation to a given patient population (uniform in terms of medical, geographical or local characteristics) using a quantitative approach. In practice, use is expressed in relation to, e.g. the number of hospital admissions, patient-days or people in outpatient care. The source of information on the consumption of antibiotics may be prospective studies or retrospective analyses of data collected during the routine therapeutic process.
The aim of this study was to analyse: (i) antibiotic use in the 30 days after delivery among patients from Małopolska Voivodeship, Poland, from 2013 to 2014, with special emphasis on selected demographic and medical factors; and (ii) the usefulness of such an analysis for a particular infection control purpose: the potential use of antibiotic consumption data as a supplementary method of detecting infections.
Methods
The study included patients who gave birth in hospitals in Małopolska Voivodeship, Poland, from 2013 to 2014. Małopolska Voivodeship (Lesser Poland, south-central and south-eastern region of Poland) is one of Poland's 16 regions. This region is inhabited by 3.4 million people-8.7% of Poland's population. The anonymized data used in this study were obtained from the Polish National Health Fund [Narodowy Fundysz Zdrowia (NFZ)]. These data included the number and characteristics of purchased antibiotic prescriptions ordered by obstetricians/gynaecologists within 30 days of delivery; prescriptions by general practitioners or others were excluded.
The use of antimicrobials was expressed as: (i) the number of people with at least one antibiotic prescription and the number of prescriptions (prescriptions with different purchase dates bought by a single patient within 30 days of giving birth); and (ii) daily dose-the number of DDDs was calculated based on drug-defining prescriptions together with the dosages and number of doses. DDDs were calculated for individual cases as the product of the number of packages and single doses in each package (in grams) divided by DDDs according to the Anatomical Therapeutic Chemical (ATC)/DDD system of the WHO (group J01 level 4). 17 Both types of measures refer to one case of prescription and patient.
The two possible ways of expressing antibiotic consumption using the source data were used in the present study to double check the results, because some previous studies have shown that different ways of measuring this concept may lead to opposite conclusions. DDD was chosen because of strong recommendations by the WHO, whereas the number of prescriptions is the optimal way of expressing antibiotic consumption for convenience and given the study population of outpatients.
Evaluation of antibiotic use, expressed as the number of prescriptions and DDDs, was examined for the 30 days after giving birth. This time period was selected to analyse post-partum infectious complications. According to Clapp et al.,
18 90% of readmissions occurred within the first 30 days post-delivery. Furthermore, 30 days is the time-delimiting condition for identifying SSI in women undergoing Caesarean sections.
Data on the number of births and type of residence for pregnant women were obtained from the annual statistical reports of the Central Statistical Office of Poland [Główny Urza˛d Statystyczny (GUS), http://stat.gov.pl/ obszary-tematyczne/roczniki-statystyczne/] and data on the type of delivery and age were obtained from reports on hospital epidemiology available free of charge from the National Institute of Hygiene (NIH). Demographic characteristics investigated included age, type of residence (i.e. city size, based on patients' postal codes) and mode of delivery (vaginal versus Caesarean section).
The analysis of the use of antibiotics 30 days post-partum was based on the percentage of patients who purchased antibiotics with prescriptions during this period and the average daily dose recalculated per 100 births for women in puerperium. The v 2 test of independence was used to compare the percentages of patients in each group who purchased drugs with prescriptions, and variance analysis was used to compare the average number of daily doses.
A logistic multifactorial regression model was then used to estimate the influence of each studied factor (age, place of residence and mode of delivery) on the chance of using antibiotic therapy. The results are presented as OR with 95% CI. For all analyses, the significance level was set at a " 0.05. IBM SPSS Statistics version 24 software was used for the analyses.
Results
There were 67917 births in Małopolska registered in the NFZ during the study period. This was 9.2% of the total of 737573 births in Poland during this time period, according to GUS statistics. In Małopolska, 43.5% of these births (29551) were by Caesarean section, and 56.4% (38366) were vaginal deliveries. The largest residential group were women living in rural areas (54.9%; 37268); this was the opposite of morbidity reporting from the Polish NIH for the whole country, where women from rural areas represented 42% of total cases (220490 of 523491). Among patients giving birth in Małopolska Voivodeship (NFZ data), the largest age group was women aged 18-35 years (84.4%); 0.6% of the women giving birth were minors.
In the 30 day post-partum period, 5050 (7.4%) women purchased antibiotics with prescriptions issued by their obstetricians (5875 prescriptions). The mean length of time between giving birth and purchasing the drug was 4.2 days (median " 3.0 days), with ,1% of prescriptions bought from 15 to 30 days post-labour. Mean antibiotic use, expressed as DDDs per 100 births (approximately 100 admissions), was 108.3. The most commonly used antimicrobials were b-lactams (95.7% of all prescriptions), macrolides (1.8%), lincosamides (1.0%), fluoroquinolones (0.7%), tetracyclines (0.4%) and trimethoprim/sulfamethoxazole (0.3%). Detailed data on the distribution of types of antibiotics (number of prescriptions and DDDs) are presented in Table 1 .
The analysis of antibiotic use expressed as the numbers of prescriptions and daily doses showed that most antibiotics were purchased by rural inhabitants, with 8.2% of patients in this group using these drugs and a DDD number per 100 births of 122.0. The risk of antibiotic use was significantly higher among rural residents than among other patients: OR " 1.5 (95% CI " 1.38-1.60). Among the youngest patients (aged ,18 years), antibiotic prescriptions were issued in 11.5% of cases, with an average use of 170.6 DDDs per 100 births. The risk of antibiotic use in this group was significantly higher than in other age groups: OR " 1.6 (95% CI " 1.15-2.14). In terms of the mode of delivery, 8.1% of women who underwent Caesarean sections purchased antibiotics that were prescribed to them, with an average use of 117 DDDs per 100 births, and the associated risk was higher for this group than for those who had vaginal deliveries: OR " 1.4 (95% CI " 1.28-1.49).
The lowest number of prescriptions and antibiotic use expressed in DDDs was noted among women living in cities with populations of . 100000; 5.7% of patients in this group purchased prescribed antibiotics, and the average use was 78.7 DDDs per 100 births. Analysing antibiotic use in different age groups, women Outpatient post-partum antibiotic prescription in Poland JAC aged .35 years were found to have the lowest percentage of antibiotic prescriptions (6.8%) and the lowest DDD values (95.1 per 100 births). As for mode of delivery, vaginal delivery was related to lower rates of antibiotic use than was Caesarean section, and the use of episiotomy during vaginal delivery did not influence postpartum antibiotic use ( Table 2) .
The lowest number of deliveries took place during the weekends, with 10.5% and 10.0% of all deliveries occurring on Saturdays and Sundays, respectively (Table 3) . No significant differences were noted in antibiotic use by the day of the week when the birth occurred, whether examining the number of prescriptions or the DDDs (Table 3) . However, significant differences in antibiotic consumption were noted for different months of the year. The highest use (expressed as percentages of women giving birth in a given month who purchased antibiotics) was observed in January (8.1%), May (8.0%) and June (7.9%). The lowest use was seen in April (6.6%), November (6.8%) and December (6.5%) ( Table 4 ).
Discussion
Our analysis explored antibiotic use among women 30 days postpartum. The measure of antibiotic use recommended by the WHO is the DDD, 17 and such analyses may be used for various purposes. Scholars working on the analysis of antibiotic use have also shown other indicators to be useful: days of therapy, cumulative days of therapy, and the number of prescriptions. In this study, the number of DDDs was calculated for individual cases as the product of the number of packages and single doses in each package expressed in grams, divided by DDDs according to the ATC/DDD system. However, data on the packages purchased may be different from the actual use in therapy. The average calculated use per person (among patients who purchased the prescribed antibiotics) was 14 DDDs, which corresponds to a 14 day therapy. For antibiotic consumption expressed as DDDs per 100 births (100 admissions), the level of consumption in our study was 20% higher than the level of antibiotic consumption in gynaecology and The indication for antibiotic use for post-partum infection on an outpatient basis may be the continuation of therapy that was begun during the hospital stay. The most common reason for this use of antibiotics is premature rupture of membranes, which occurs in 2.9%-3.5% of all pregnancies. 20, 21 In such situations, the antibiotic is administered at admission, and the therapy is continued with an oral drug on an outpatient basis. 22 Other reasons for prescriptions include intrauterine fetal death (or stillbirth), complications in the third stage of labour, injury to perineal/vaginal tissues and vasculitis. However, in such cases there would be no dominance of the b-lactam class of antibiotics, especially ampicillin, which suggests that there is no relation to previous hospital therapy.
The use of antibiotics by selected variables, such as the woman's age, the mode of delivery and the place of residence, was also evaluated. The results of these analyses with both indicatorsDDDs and the number of prescriptions-were analogous, confirming the feasibility and usefulness of monitoring antibiotic use in this way. These results would make it possible to define care deficits for certain groups or areas. Our findings also verify data related to the incidence of post-partum infections. In a study conducted in two hospitals in southern Poland in 2004-06, postCaesarean section SSI incidence was reported to be 3.8%-3.9%, and global incidence of post-partum infection was 4.1%-4.8%. 23 Newer data (from 2013-15) from five hospitals showed a much lower post-Caesarean section SSI incidence (0.5%), 24 similar to the results of a point analysis study conducted in 2012-13, where a common prevalence of 1.2% was found in obstetric wards. 25 According to ECDC data, the average incidence of postCaesarean section SSI alone is 2.8%, but this varies significantly across reporting EU states. The differences likely result from distinctions in the management of post-discharge surveillance of SSI.
Active post-discharge surveillance translates into the completeness and reliability of data related to infections. A good example is the situation in European countries, where the highest rates of SSI incidence are reported in countries where post-discharge Outpatient post-partum antibiotic prescription in Poland JAC surveillance is active and effective, such as Norway, which has an incidence of 6.8%, or Great Britain, with an incidence of 6.7%. 1 The cited ECDC report does not contain data from Polish hospitals, because infection surveillance and registration in Poland are highly scattered and the data are not collected and systematically analysed through a uniform programme. However, the few studies conducted on the topic in Poland (mentioned above) have shown that the sensitivity of post-Caesarean section SSI incidence registration is very low. [23] [24] [25] Therefore, our results, which show antibiotic use in 7.4% of post-partum women, point to the complete ineffectiveness of surveillance in Polish obstetric wards.
In the studied population, therapy begins very soon after delivery, with the median time being the third day post-partum. This is consistent with reports from other researchers. Endometritis occurs in the early post-partum period, usually within 48 h of delivery. 26, 27 In the USA, the median time from discharge to readmission of patients with infections was 5 days, and the most common indication for readmission was infection (15.5%). 18 The recommended hospital stay for a healthy newborn in the USA is ,48 h following a vaginal delivery (extending beyond 24 h after an uncomplicated vaginal delivery). 28 Additionally, the WHO recommendations point to days 2-7 as the period with the highest risk of the development of infections, especially abdominal or perineal wound infections, urinary tract infections and mastitis. 29 Our findings also show meaningful differences in antibiotic consumption. One of the elements that significantly increased the risk of antibiotic use was young age. We found that being younger than 18 years was strongly predictive of treatment with antibiotics, compared with women older than 34 years. We speculate that this observation may replicate patterns of community-acquired infection or poor access to a doctor, but this speculation cannot be confirmed using our pharmacy-based data. Our observations may find confirmation in a Scottish study, where higher mortality related to sepsis was observed in younger women (aged ,25 years). 30 The results of the present study differed a great deal from those of previous studies in terms of infectious complications expressed as the number of antibiotic prescriptions and the day of the week when the delivery took place. In our study, there were no differences found for weekends versus other days of the week. This differs from studies by Snowden et al. 31 and Palmer et al., 32 who observed the 'weekend or busy days effect' on perinatal complications, including infections during weekends.
Our analysis of antibiotic use in the studied population did show seasonal variation, with the highest use in January, May and June, and the lowest use in April, November and December. This is different from the outpatient population use, where significantly higher numbers of antibiotic purchases are observed in March, November and December, 33 close to the influenza season in Poland, which peaks in February-March.
Women residing in rural areas also had statistically significantly higher antibiotic use in the 30 days post partum compared with city dwellers. This finding may indicate problems in reaching specialist healthcare, especially because a similar effect was observed by Stefanoff et al. 34 in a study that analysed antibiotic prescriptions for acute gastrointestinal infections.
A significant limitation of the current study is the lack of full information regarding the course of pregnancy and the delivery itself, so the relationship between inpatient and outpatient treatment is unknown. Our source of data also makes it impossible to determine whether antibiotics were prescribed only for patients with confirmed infections.
Conclusions
The results of this study indicate an important gap in the current infection control system that is especially relevant to the lack of post-discharge surveillance and the high risk of overuse of antibiotics.
Improvements are especially needed in care for the youngest women giving birth, those living in rural areas and those whose delivery is by Caesarean section. The introduction of effective national surveillance of infections in this patient population, both in hospital and after discharge, is crucial. Educational action should also include healthcare training in antimicrobial treatment.
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